Twenty diverse okra genotypes were evaluated to assess the genetic diversity based on quantitative morphological and qualitative biochemical traits in a randomized block design during 2015-16. On the basis of D 2 analysis, the 20 genotypes were clustered into five groups. Cluster I constituted the largest group (10 genotypes) followed by cluster II (7 genotypes). The cluster III, IV and V contains Kumari et al.; CJAST, 36(4): 1-8, 2019; Article no.CJAST.46303 2 only 1 genotype in each cluster. Among phytochemical characters, carotenoids alone contribute highest percentage (39%) toward divergence, followed by chlorophyll a (31%) and anthocyanin (17%). The five principal components have accounted 81.19% of total variation and percent variation expected were 36.27% (PC1), 18.21% (PC2), 16.42% (PC3), 5.91% (PC4) and 4.38% (PC5), respectively. The PC1 has positive association with days to first flowering, followed by yield/plant, primary branches/plant, carotenoid and phenol contents. However, PC1 has negative association for fruits length, fruit diameter and ascorbic acid content. Therefore, the traits viz., days to first flowering, first flowering node and yield per plant should be given top priority in diverse parent selection for attempting high yielding along with important phytochemical properties in okra. Allocations of germplasm into different clusters were because of cumulative effect of number of characters.
INTRODUCTION
Okra is a multipurpose and multifarious vegetable crop valued for its tender and delicious pods [1] , rich in iodine and fibre which are cooked in curry and also in soup making. The dried seeds of okra are used as a coffee additives or substitutes and were reported to contain 18-20% oil and 20-25% crude protein [2] . It is cultivated in tropical, sub-tropical and mild temperate parts of the world and gaining importance in these regions of the world; especially in Egypt. The tender green pods have an average nutritive value of 3.21 which is higher than tomato, eggplant and most cucurbits except bitter gourd [3] . In addition to its usefulness as a vegetable, its fruits are also useful in curing ulcer and suppressing the pains and effects of haemorrhoid. Okra fruits have mucilage in latex form i.e. used as a plasma replacement or blood volume expander [4] . It is photo insensitive in nature, short duration and having high seed setting capacity which makes the crop ideal for genetical study in crop improvement. In spite of its multipurpose uses, it is being neglected because of the non-availability of improved and high yielding locally adapted cultivars and reduction in yield due to frequent attack of shoot and fruit borer and yellow vein mosaic virus. At present, the major objective of okra breeding programs is improving yield and ensuring its sustainability under adverse conditions through various techniques, hence, it is very necessary to determine the factors or traits that influence fruit and seed yields of okra, directly and indirectly or both. The major limiting factor which is responsible for reduction of cultivation of okra is incidence of okra yellow vein mosaic virus and its vector whitefly (Bemisia tabaci Gen.). It affects the quality of the fruit which ultimately cause heavy loss of fruit yield [5] . Among the world India secure the first rank in collection of cultivated okra (Abelmoschus esculents L. Moench) in the gene bank. Moreover, India share 72.9% of the world okra production and among Indian states, West Bengal (14% share) is leading in okra producer followed by Bihar (12% share). The main reasons for wide genetic diversity are geographically separation, genetic barriers to crossability, and different parents of evolution [6] . Genetic diversity is a key factor for crop improvement from which useful characters can be selected for developing broad-based populations to be used in hybridization programme towards improvement [7] and [8] . Mahalanobis D 2 statistics which is based on multivariate analysis is a powerful tool to estimate the degree of divergence among genotypes in the population and nature of forces operating at different levels [9] . For selection of parent for hybridization programme it is very essential to know the information of genetic diversity of okra germplasm. It revealed rich genetic diversity for various growth, earliness and yield associated traits in the germplasm offering a great scope for improvement of okra (Ghai and co-workers [10] , Kumari and Chaudhury [11] , Singh and co-workers [12] , Bendale and co-workers [13] ). Moreover, most frequent genetic diversity assessing methods are cluster analysis and principal component analysis (PCA). The cluster analysis has been most exploited for assessing family relationships [14] . The present investigation was therefore, undertaken to assess the nature and genetic diversity available in a large germplasm and the characters which play important role in genetic diversity of okra.
MATERIALS AND METHODS
The present investigation was carried out using 20 Days to first flowering, days to 50% flowering, first flowering node, plant canopy width (cm), number of primary branches per plant, plant height (cm), fruit length (cm), fruit diameter (cm),number of fruits per plant, average fruit weight (g), number of seeds per pod, yield per plant (kg), fruit yield (q/ha) and 9 biochemical characters i.e. Chlorophyll a, Chlorophyll b, total Chlorophyll, Carotenoids, anthocyanin, ascorbic acid, phenols, crude fibre and moisture. The genetic divergence among the okra genotypes was estimated by using D 2 statistics [15] . All genotypes were clustered into different groups accomplished by Tocher's method [16] . The average distance between the cluster and within the cluster was calculated by the statistical procedure given by Singh and Choudhary [17] .
RESULTS AND DISCUSSION

Grouping of Genotypes into Different Cluster
Based on Mahalanobis D 2 statistics, clustering of all 20 okra genotypes for 22 quantitative traits was done into five different groups ( Table 1 ). The maximum number of genotypes (10) were grouped into cluster I followed by cluster II (7 genotypes). The cluster III, IV and V each contains only 1 genotype. The genotypes present in a single group were genetically similar for most of the traits. However, they have different geographical area of origin, for example cluster II consists of Arka Anamika (from IIHR, Bangalore) and Azad Bhindi-1 (from CSAUA&T, Kanpur), in cluster I Pusa Sawani (from IARI, New Delhi) and Kashi Mohini (from IIVR, Varanasi) which were having different source of origin. Hence, geographical origins do not decide the grouping of genotypes in a group [18] . Oriyo [19] also has given the same statement. Therefore, the reason behind occurrence of genetic diversity among the genotypes might be some other factors like different genetic architecture of the population, heterogeneity, selection history, and genetic drift. The cause for greater diversity in genotypes may due to genetic drift and selection in different environments than the geographical distance [18] . It described that the geographically isolated genotypes in okra need not to show genetic diversity [20] . Shantha kumar and Salimath [21] , Kumar and co-workers [22] , Solankey and Singh [23] also conveyed the similar results. Ramya and Senthilkumar [24] advocated dearth of clear relationship between geographical as well as genetic diversity in okra.
The average D 2 values of intra and inter cluster are present in Table 2 . The results showed that intra cluster distances varies from 221.525 (cluster II) to 624.030 (cluster V) with the highest inter cluster value between cluster II and V (8393.597). It was followed by cluster I and V (5708.096), cluster II and IV (3807.119), cluster III and V (3223.140), cluster II and III (1593.631).
The cluster mean of 20 genotypes is presented in Table 3 . The table values showed that cluster IV having only one entry (Kashi Kranti) but having highest contribution in mean of carotenoid, moisture content (91.891) and yield per plant (253.247) mainly due to highest fruit length, fruits per plant and high average fruit weight and less mean performance for days to first flowering, first flowering node, plant canopy width, plant height. Cluster V also contain one entry i.e. Kashi Lalima (red pod colour) were found highest mean performance for days to first flowering, days to 50% flowering, ascorbic acid and anthocyanin content mainly due to red colour of pod and less mean performance for chlorophyll a, chlorophyll b and total chlorophyll.
Contribution of Traits toward Genetic Diversity
The contribution percent towards genetic divergence showed that only nine yield and its contributing traits along with qualitative characters shares almost 100% in genetic divergence (Fig. 2) . Among these nine traits, highest contribution made by qualitative traits (carotenoids content, chlorophyll a and Anthocyanin content with percent share of 39%, 31% and 17%, respectively) followed by quantitative traits such as plant canopy width (4%). Whereas, the traits like ascorbic acid, crude fibre (3%), phenols (2%), chlorophyll b and number of seeds per pod (1%) also having significant contribution towards divergence. It specifies that carotenoids content would be the important parameter for selecting diverse okra genotypes for nutritional purpose. 
Principal Component Analysis
The principal component analyses (PCA) of 22 traits in 20 okra genotypes are mentioned in Table 4 & Fig. 3 
The principal component analyses (PCA) of 22 traits in 20 okra genotypes are mentioned in Table 4 & Fig. 3 . The results displays the Eigen values for five principal components (PCs) viz., PC 1, PC 2, PC 3, PC 4 and PC 5 were 7.980, and 0.964, respectively, which contributes about 81.19% of total genetic variation. These similar results were also workers [25] . The maximum variations were contributed by PC 1 7% and 18.21% of total dimensional ordinations of 20 okra genotypes on PC axis 1 and 2 (Fig. 3) 
CONCLUSION
Desirable genetic diversity and principal component analysis were most reliable selection parameters for electing promising traits viz., days to first picking, first flowering node and days to first flowering in okra. These traits should be given top priority in okra breeding programme for diverse parent selection for attempting heterotic cross combination and development of high yielding and YVMV resistant hybrids/varieties in okra.
